Summary. Serum and plasma obtained from fasted rats were examined for their capacity to promote glycerol release from isolated fat cells of the rat, in vitro. Doseresponse curves indicated that the lipolytic potencies of serum and plasma were very similar. Plasma comparison experiments suggested that lipolysis promoted by this circulating agonist had a requirement for calcium ions. Since adrenaline can enhance lipolysis in a calcium-free medium, the lipolytic capacity of serum and plasma could not be simply explained in terms of circulating catecholamines. The concentrations of glycerol or free fatty acids did not increase when serum or plasma were incubated in the absence of fat cells.
Introduction
Carlson [i] has emphasized the importance of lipolysis of adipose tissue triglyeerides, by humoral agents, for the normal function of the body, and Froesch [2] has investigated pharmacologic inhibition of lipolysis in order to adjust the metabolic situation in diabetes meilitus. Both these studies provoke the question as to whether there is a specific fat-mobilising substance circulating in blood, as discussed by Friesen (1964) [3] . Recant et al. (1963) [4] in a study designed primarily to elucidate the reasons for elevated free fatty acid (FFA) levels in diabetes, observed that serum had "non-esterified fatty acid releasing activity". This was shown by increased release of FFA from rat epididymal fat pad (EFP) tissue of young animals when incubated in serum. Burns et al. (1967) [5] reported that when rat EFP or isolated fat ceils, were incubated in human serum, a high glycerol release was induced; recently these findings have been confirmed and extended [6, 7, 21] . Barrett [8] showed that rat plasma promoted the release of FFA and glycerol from EFP. However, he reported that serum had a relatively trivial action as compared with plasma, in its capacity to promote lipolysis, and suggested that the lipoly~ie component was lost during the dotting protess. Whilst it has been reported that "spontaneous lipolysis" occurred when plasma was incubated in the absence of tissue [8] , Burns et al. [5] found no increase in glycerol concentration of human serum incubated alone. The object of the present study was to investigate the lipolytic effects of serum and plasma on isolated rat fat cells in vitro, and to elucidate the question of "spontaneous lipolysis".
Material and Methods
Male albino Wistar rats weighing 190--210 g were fasted overnight but allowed water ad libitum. The animals were sacrificed by carbon dioxide inhalation. Isolated fat cells wore prepared in Krebs-Ringer bicarbonate buffer (containing 3.5 g/100 ml human albumin and 45 mg/100 ml glucose) by a modified Rodbell [9] scheme [6] . Blood obtained from the same rats was either allowed to clot for the preparation of serum, or anticoagulated with lithium/heparin, liquid or solid sodium citrate, or the potassium salt of ethylene diamine tetraacetic acid (EDTA), for the preparation of plasma. No special precautions were taken to prevent access of air to serum or plasma. The concentration of endogenous glucose of serum and plasma ranged between 100--120 rag/ 100 ml when samples were estimated by the automated glucose oxidase micro-method of Faulkner [10] . The potency of endogenous insulin was approximately 55 micro-units/ml of serum or plasma using an ox insulin standard range.
Dose-response curves were defined by using serum and plasma doses ranged in arithmetic progression from 0.10 ml --1.50 ml per incubation vial. The total volume of the liquid content of each vial was maintained at 2.0 ml by addition of 500 microlitres of adipose cell suspension and appropriate addition of buffer.
Previous investigations [6, 7] had shown the maximally effective dose of serum to be 1.10 ml or 55% by volume. Therefore plasma comparison studies were performed using a volume of 1.10 ml per vial. Where samples of serum or plasma were incubated alone, a volume of 2.0 ml was used.
All experimental incubations were carried out for 90 min in a shaking water bath at 37~ in an atmosphere of 75% nitrogen, 20% oxygen and 5% carbon dioxide.
Glycerol release was employed as an index of lipolysis. Estimation was performed before and at the end of incubation using the technique of Wieland [11] . The increase in glycerol concentration of the medium was related to the weight of adipose cell lipid present. Lipid determination was performed on a 1.0 ml aliquot of fat cell suspension by a modified Folch [12] system described previously [13] .
Results

Serum and plasma dose-response curves
It was found that adipose cells incubated in buffer alone released 2.64-0.5 nanomoles of glycerol/mg lipid/90 rain whilst the corresponding values when 1.10 ml of serum or plasma were present, were: 25.34-1.9 and 20.84-1.2 respectively. The dose-response data were converted to percentages of the control value and plotted graphically (Fig. 1) . The several dosages, of both serum and plasma, of 0.10 ml--l.10 ml produced conspicuous rises, in glycerol output, above the control value and there was a positive correlation between glycerol release provoked by the same dose of serum or plasma. Fig. 2 shows the glycerol release provoked by serum and variously anti-coagulated plasma. Whilst serum was the most potent promoter of lipolysis in isolated fat cells, the least potent was potassium EDTA anti-coagulated plasma which was highly significantly different (P< 0.001).
Plasma comparison experiments The histogram in
Plasma produced by employing solid sodium citrate as anti-coagulent had a similar effect on fat cells to plasma produced by the more usual, liquid sodium citrate.
"Spontaneous lipolysis"
The results in Table 1 show that when serum or plasma was incubated in the absence of adipose cells, no significant (P>0.05) increase in either FFA or glycerol concentration was observed. 
Discussion
The findings reported here concerning the relative fat-mobilizing capacities of serum and plasma indicate comparable lipolytic potencies. If it is assumed that lipolysis promoted by serum and plasma is due to the same agonist then the results are at variance with a previous report [8] , but confirm the observations of Recant et al. (1963) [4] and Burns et al. (1967) [5] on the lipid-mobilizing capacity of serum.
The possible importance of endogenous insulin and glucose has been considered since both these metabolites increased in concentration in incubation vials with increased dosage of serum or plasma. Exogenous insulin has been shown to be without effect on the rate of serum stimulated lipolysis up to doses of 20000 P.B. Curtis-Prior: Lipolytie Effects of Serum micro-units/ml [14] . Although glucose may enhance glycerol release provoked by caffeine, adrenaline or ACTH, though not that resulting from dibutyryl cyclic-AMP administration [15, 16] , glucose up to 250 mM has been shown not to affect glycerol release from isolated adipose cells stimulated by the serum agonist [17] .
The plasma comparison experiments using citrate and EDTA to bind calcium, indicate that the availability of calcium ions may be important in the action of the circulating lipoly~ie agonist. When EDTA is employed to eliminate calcium, a permanent bond is formed; but with citrate, some cations are still available, though obviously insufficient to permit blood clotting to proceed. The importance of calcium ions in the lipolytie action of adrenocortieotrophic hormone was first reeognised by Lopez et al. (1959) [18] , but it is known that adrenaline will induce lipolysis in rat adipose tissue in a calcium-free medium [19] . It is suggested, therefore, that the observed lipolytic activity of serum and plasma must be explained in terms more complex than being due simply to circulating catecholamines.
The lack of change of the concentration of glycerol or FFA in serum or plasma during incubation alone corroborates the observations of Burns et al. [5] . No doubt the differences between the data reported here and those of Barrett [8] lie in the fact that this latter used plasma from fed rats when lipoprotein lipase activity is maximal [20] whilst in this study, animals were fasted prior to experimentation.
